[Abstract] Many gram-negative bacterial pathogens, including Shigella flexneri, are able to translocate bacterial proteins, dubbed effectors, across the host cell plasma membrane into the host cell cytosol using a syringe-like structure, the type three secretion apparatus (T3SA). While some bacteria use their T3SA to modulate their phagosomal environment (Salmonella spp.), establish pedestal structure to form microcolonies on the plasma membrane (Enteropathogenic Escherichi coli) or lyse their entry vacuole (Shigella spp.), they all have in common a tightly regulated activity of their T3SA. However, the tracking of the activity of the T3SA in infected cells and tissue has been difficult to perform. Using the property of MxiE-dependent promoters that are upregulated when the T3SA is active, we have recently designed a transcription-based secretion activity reporter (TSAR) that allows the following of the activity of the S. flexneri T3SA in real-time in tissue culture cells and in vivo using fast maturing GFP intrinsic fluorescence. Herein we describe the design of the TSAR and its application to fixed and live samples for microscopy and flow cytometry in a colonic epithelial cell model using TC7 tissue culture cells.
The half-life of GFP, which is normally several hours, could be reduced to around 40 min by fusing the ssrA peptide to the carboxy-terminus, which rendered GFP susceptible to ClpX protease-mediated degradation. Using this approach, we improved the capacity of the TSAR to measure the interruption of the T3SA activity in real-time. Another essential element of the TSAR plasmids is the constitutive expression, using the rpsM promoter, of a second fluorescent protein whose excitation and emission spectra are compatible with the GFP expressed from the T3SA-dependent promoter. The combination of both promoters allowed for following the bacteria in various conditions and assays (microscopy multiple fluorescence, flow cytometer etc.) (Figure 1 ).
3. Using the above mentioned guidelines to optimize the maturation rate, translation initiation, codon usage and half-life as well as selecting the best reporter protein for the Note that in this case, the DAPI staining is performed, as described above, during incubation with the secondary antibodies. 18. Take out the coverslips from the plate with a fine pair of tweezers, briefly immerse in distilled water and remove excess water using absorbent paper.
19. Mount on a slide using 10 µl of pre-warmed (37 °C) mounting medium.
20. Let dry without disturbing the CS for at least one hour at room temperature.
21. Store at 4 °C until ready to observe.
22. The GFP signal in the bacteria is visualized using a GFP or FITC filter or with the 488 nm band of an argon laser. The Cerulean signal is visualized using a CFP filter or with the 458 nm band of an argon laser. mCherry is visualized using a Cy3 filter or with a 568 nm laser. We do not recommend using DsRed in conjunction with GFP in microscopy applications.
C. Live microscopy 1. TC7 cells are passed at the desired density in regular growth medium 48 h before the experiment in a 35 mm dish with a glass bottom or in an 8-well microplate, if several conditions are to be tested in parallel.
Note: We have also used HeLa and LLC-MK2 cells.
A bacterial suspension of bacteria harboring the pTSAR1Ud2.4s is prepared as above and polylysine coated bacteria are routinely used (see step B8), particularly to monitor entry as entry efficiency is greatly enhanced by this pretreatment. Centrifugation-induced infection without precoating bacteria with polylysine can also be performed by carefully securing the dish or microplate to the plate holder of the centrifuge (see steps B3-8). 
